Abstract
Introduction
In recent years, the growing interests in the sensornets have resulted in thousands of peer-reviewed publications. Significant results in this area have enabled many civilian and military applications, and several start-up companies and large corporations are investing considerable amounts of resources in this technology. Most deployed wireless sensor networks measure scalar physical phenomena, such as temperature, pressure, humidity, or location of objects. In general, sensor networks are designed for data-only delay-tolerant applications with low bandwidth demands. The integration of low-power wireless networking technologies with inexpensive hardware such as complementary metal-oxide semiconductor (CMOS) cameras and microphones is now enabling the development of distributed,
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Wei Wei, Bin Zhou networked systems that we refer to as wireless multimedia sensor networks (WMSNs), that is, networks of wireless, interconnected smart devices that enable retrieving video and audio streams, still images, and scalar sensor data. As an example, the Cyclops image-capturing and inference module [27] designed for extremely lightweight imaging, can be interfaced with a host mote such as Crossbow's MICA2 or MICAz, therefore, realizing an imaging device with processing and transmission capabilities. WMSNs will enable the retrieval of multimedia streams and will store, process in real-time, correlate, and fuse multimedia content captured by heterogeneous sources. We envision that users can gather information about the practical environment by issuing simple textual queries, thus accessing multiple remote WMSNs connected to the Internet through application level gateways. The features of a WMSNs diverge consistently from traditional network paradigms, such as the Internet and even from scalar sensor networks. Most potential applications of a WMSNs require the sensor network paradigm to be rethought to provide mechanisms to deliver multimedia content with a predetermined level of quality of service (QoS). Whereas minimizing energy consumption has been the main objective in sensornets research, mechanisms to efficiently deliver application-level QoS and to map these requirements to network-layer metrics, such as latency and jitter, have not been primary concerns.
Delivery of multimedia content in sensor networks presents new, specific system design challenges, which are the object of this article.
WSNs provide a simple-to-deploy and versatile platform for sensing and interacting with physical environments. These devices can support multihop communication by forming mesh networks capable of self-configuration, self-healing and automatic management. These properties make WSNs suitable for various monitoring and actuating application domains such as industrial control, surveillance, asset tracking and assisted living. Current sensor networks focus on measuring low-bandwidth physical properties such as light, sound, temperature, motion and humidity. The inclusion of image processing sensor nodes provides a rich new information source capable of enhancing current applications as well as enabling new ones. More so than with single camera system, real-time properties must be upheld if multiple vision sensors are to process data, communicate with each other and make a group decision before the measured environmental feature changes. In this paper, we use video sensors, a real-time distributed image processing infrastructure built upon the multimedia wireless sensor networking platform. Distributed vision processing in a sensor network has three main advantages over a stand-alone vision system. Multiple cameras have greater coverage of a scene, can Distributed vision processing in a sensor network has three main advantages over a stand-alone vision system. Multiple cameras have greater coverage of a scene, can address difficulties associated with view obstruction, and can increase decision confidence based on mutual information. New hardware with the addition of the carmeras [26] embedded vision processor is a framework with supporting hardware platform that appends vision processing capabilities to the video sensor nodes with the addition of the cameras embedded vision processor that is low-cost, energy-efficient and highly scalable with compared to a centralized wireless webcam-based solution.
This paper discusses the system design principles that aid in the deployment of real-time vision-enabled sensor networks. Through an example assisted living application, we show how to apply these principles in the form of video sensors. We describe the system hardware, software and various operating system, networking and image processing techniques which can be extended to develop future vision-based sensor networking applications.
We illustrate an application using video sensors to monitor car tag in the appointed parking lots.
The system automatically combines information extracted from multiple overlapping cameras to recognize various regions in the house where particular activities frequently occur. Once these daily activity clusters are defined, the system builds a model which tracks the duration and transition frequency between various tasks. This information can be monitored over time to detect changes in behavior, or it can be used to give contextual clues to other in-home systems. For example, a fall detection system could use this type of context information to lower its probability of triggering if the user is sleeping or to increase the probability along a staircase. We show a working prototype of this system running on eight battery-operated embedded vision cameras in an active apartment. The first one is the basis of whole procedure. It is quite challenging due to the diversity of plate formats and the non-uniform outdoor illumination conditions during image acquisition. Therefore, most approaches work only under restricted conditions such as fixed illumination, limited vehicle speed, designated routes, and stationary backgrounds.
In this paper, a car-tag-localization approach for large parking lots is presented based upon the WMSNs. To the best of our knowledge, there are only a few recent related publications are found. In [11] , the authors developed a camera sensor network for situation awareness. In this network, normal sensor nodes are used as the control network and camera nodes are used as the data network; the camera nodes start to work only when other normal sensor nodes detect the changing of their surrounding environment. In [21] , the authors propose a scheme to support video transmission in ubiquitous computing environment, in which five different packet sizes are employed for the video and only one is selected according to the SNR value and the data on the packet delay and loss. an intelligent car symbol identifying algorithm based on the similarity of license plate recognition and color classification probabilities is proposed to sort the retrieval results. The new approach is tested in a large outdoor park that environment interfering factors will proof the validity of our method. The preliminary experimental results show the efficiency of the proposed car-symbol-validating system.
Using video sensor nodes in WMSNs(See in [8] , [14] , [15] , [17] , [22] ) can drastically enhance the capability for event description. Thus, efficiently transmitting and gathering video streams in WMSNs is essentially necessary when the underlying infrastructure, e.g., 3G cellular networks or WLANs, does not exist currently.
These wide applications will contribute to the process of the traffic management automation of our country. In License Plate Recognition System, plate location and character segmentation are two key steps. Because of the complex of image background, the uncertainty of plate position and image quality, many methods of license plate location and character segmentation are not satisfied. Therefore, the research on the algorithms of license plate location and character segmentation is always the hotspot problem. In this paper we discussed the two parts of License Plate Recognition System: license plate location and character segmentation，then made a deep research about some important and key algorithms.
The existing mainly moving vehicle recognition technology is the registration mark recognition technology, which is applicable to the case that one-vehicle moving under simple underground but complex underground or the case that the registration mark is replaced . In order to make up the limitation of the existing registration mark recognition technology , the paper suggested one method on Vehicle-logo location and recognition of moving vehicles under complex underground .
Parking lot management plays an essential role in Intelligent Transportation Systems(ITS). A parking lot management system is only a charge system which can count the number of parked cars and their elapsed time by paper cards in the beginning. With the development of ITS computer vision and other related techniques, an intelligent parking lot management system, would not simply charge fee, but also should be designed to process more and more functions, including intelligent parking guide, car parking occupation information and reverse car-searching, etc. In these systems, many of them focus on enhancing searching function more efficiently for available parking spaces. Goals of enhancing searching function include counting the number of parked motor vehicles, monitoring the changes of the parked vehicles over the time, and identifying the location to guide drivers to find vacant parking spaces efficiently. However, it is difficult for a parker to find his car because of similar situations and more floors in a large park. Some researches try to deal with this problem.
Most of currently available methods based on the traditional video camera are efficient if the license plates are recognized correctly, or drivers inform the card reader before he leaves the park.
However, wireless sensor networks dramatically are used in the more and more field with low-cost and convenient features. drivers always forget going to card reader to record their location. For license plate recognition system, no one can claim that it can 100\% recognize license plate. In many cases, if the license plate recognition system fails to record the correct license plate, the car can not verified properly. In this paper, we utilize the WMSNs to fulfill the similar function with a new method for
car-tag-localization system is a brand novel variational level set model.
In the new approach, some wireless multimedia sensors are set up in each parking lot. Some photos/videos are captured when the car enter into the parking lot. While valid images with enough information about license plate can be obtained after efficient pre-processing of the photos/videos. The proposed variational model can be used to detect the boundaries of license plate. The extracted information will be consequently utilized subsequent process.
Boundary extraction in images is an important aspect in the fields of image analysis, pattern recognition and computer vision and there are many approaches about it(See in [2] , [4] , [5] , [7] , [16] , [20] , [24] ). In the present paper, we finish the plates localization by boundary extraction based on a variational model and represent the level set evolution. The algorithm we propose in this paper is mainly based on the ideas of Chan and Li [12] .
The rest of the paper is organized as follows: Section 2 discusses related work. In Section 3, we first
give the analysis of the approach, and then propose an optimization problem for the car-tag-localization. In Section 4, variational level set method is introduced to obtained the formulas of 
Related work
A multimedia sensor device may be composed of several basic components, as shown in Figure. by performing operations such as network synchronization and location management. An optional mobility/actuation unit can enable movement or manipulation of objects. Finally, the whole system is powered by a power unit that may be supported by an energy scavenging unit, such as solar cells.
Link and network support for real-time communications over WMSNs has attracted much attention in recent years. Constraints on computing power, bandwidth, memory and energy supply in sensor networks make the problem of delivering timeliness guarantees across multiple hops especially challenging. In [1] , the authors present the capacity bounds on how much real-time data a sensor network can transfer by the imposed deadlines. They derive a sufficient schedulability condition for a class of fixed-priority packet scheduling algorithms and also provide a theoretical basis for capacity planning. Several media access schemes have been proposed for real-time communication over sensor networks, with the goal of bounding the end-to-end delay. In [13] , the authors present velocity-monotonic scheduling that accounts for both time and distance in large-scale networks.
Simulation studies show that such a scheme is effective in minimizing the deadline-miss ratios in multi-hop sensor networks. [10] and [9] present simulation studies on resource reservation and routing protocols for applications with end-to-end timeliness constraints. [18] shows how TDMA techniques We take a simpler approach by allowing a training period immediately after installation to generate our camera topology graphs (called camera network graphs). This system also uses a reliable high-speed wired network as a communication medium, whereas we use a low-speed wireless link. [14[29] shows activity clustering computed from a single wide-angle camera attached to the ceiling. In our approach,
both the modeling and the image processing are carried out in a distributed network containing multiple cameras. Both of these previous papers focus on algorithmic development and hence use desktop-class computers that are rather expensive, power-hungry and often too large for WSNs. In [12] [30], the authors present WiSNAP, a Matlab-based platform for vision-enabled WSNs. The high-level Matlab code can be deployed using TinyOS on MeshEye sensor nodes. The authors mention that a major design limitation they suffer from is insufficient real-time support with respect to image processing. The combination of global time synchronization, a collision-free link layer, and synchronized task scheduling on each node makes our system a stable framework for real-time distributed vision processing.
Energy functionals and optimization problem
In this section, we shall give the mathematical formulations of some energy functions with the related optimization problem.
1. Several energy Functions
Lots of LPL research works are relied on the viewpoints of statistics. Most of researches are focus on several features of license plate, such as, the shape and color of license plate. In some scenarios, based upon the characteristic associated methods, we can quickly finish the localization. However, since the practical requirement develops, these features had varied dramatically and complexly. There is no universal method for location or recognition to satisfy the most of license plates.
Considering that the results of location should be a closed C ∈ Ω with the interior Ω I . Following 
Then we give following functional to denote the weighted area which is enclose by the curve ( , ) ( ) ,
where the Heaviside distribution is defined as
For obtaining the curve that was closely enough to the boundary of a license plate, we should drive it move to the object and the moving procedure can be formulated as minimize the energy functional.
What's more, as shown in [6] , following functional is introduced as metric to characterize the weighted length of the curve
where ( ) ε φ is the Dirac distribution. The minimization of above function (4) can smooth the curve that we will obtain.
Additional, a third functional 
2. Total energy functional and Optimization problem
As show in last subsection, three functionals are introduced to obtain a smooth curve that was closely enough to the boundary of a license plate. Therefore the total energy functional can be defined 
where Gσ * u is the smooth version of image data u and it is the convolution of u with the Gaussian 
The related optimization problem is given as following 
Variational formulation and evolution equation
The optimization problem (8) 
The artificial term t φ ∂ ∂ is introduced to get the evolution equation 
The license plate could be localized via the equation [10] and such variational models are flexible in handling complex environment and are concise in extracting plates boundaries despite of serious pollution or number of the plates.
Evaluation by simulations
In this section, we will illustrate the efficiency and applicability of the proposed model by presenting several numerical examples.
An image with serious pollution is shown in Fig.3(a) . There are two objects in it and they have been detected by our method after 141 times iterations as shown in Fig.3(d) . This example shows that proposed method can deal with pollution and topology changes. It means the advantages in the localization of polluted photo with several license plates. Fig.4 displays the localization processing of the first example by the proposed model. The photo in Fig.4a is captured in sun and the license plate is in shadow. The contrast Zero-contour of the initial level set function 0 φ is assumed to be a polygon encloses the license plate and the evolution is shown in others.
In the third numerical example, the photo is captured in snow and the characters of the license plate is not distinct enough to the background. The typical zero level sets are shown in There are two license plates with various scales in Fig.7(a) . The initial curve with enclosing these plates is shown in Fig.7 (b) and the extraction is finished after 241 iterative times. This example shows that our model can treat the topology changes automatically during the localization process.
Conclusions
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